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INTRODUCTION
Recent accelerator systems require a very low beam-wall interception (as low as 1 part in 10' ). Modeling the beam dynamics including significant statistical sample in the halo would require considering on the order of a billion trajectories. In certain cases, which are not chaotic or weakly chaotic, a technique may be used which requires substantially fewer resources than the brute force approach.
The idea is easily understandable by reference to a specific example as shown in Fig. 1 .
Here is modeled an ion extraction from a plasma. The following Vlasov-Poison equations The occupation in phase space of the exiting beam is shown in Fig. 2 . Of particular interest are the beam aberrations shown in Fig. 2 due to the nonlinear transverse forces in the proximity of the electrode (shown in Fig. 1 ).
The scheme is basically to take those trajectories which are in the outer reaches of phase space, trace them back to their starting position (on the left side of Fig. 1 ) and then create, say ten trajectories, in the phase space neighborhood of the ten most aberrated trajectories. This is a very simple thing to do in the example illustrated in Fig. 1 . First, the 10 most aberrational trajectories are replaced by 100 trajectories with a space charge weight of one-tenth the original.
The self-consistent solution is shown in Fig. 3 (corresponding to Fig. 1) and Fig. 4 (corresponding to Fig. 3) . This is denoted as the second major iteration. A comparison of Fig. 3 with Fig. 1 shows exactly what trajectories were selected. A comparison of Fig. 4 with Fig. 2 shows the corresponding region in phase space that was refined. Continuation of the process is done by again selecting the ten most aberrated trajectories in Figs. 3 and 4 , replacing each of them with ten trajectories with a weighting of one-tenth of the replaced trajectory. This is the third major iteration. The result after 13 major iterations is shown in Figs. 5 and 6. As can be seen in Table 1 , after 13 major iterations, only 10,306 cumulative trajectories were calculated, but if the resolution were uniform over all of the phase space 252 trillion trajectories would have been calculated -a saving of a factor of 25 billion in computation time. If all of these other 252 trillion trajectories were actually computed, the result would simply fill in the line in the central part of the phase space diagram - Fig. 6 . While this factor may not be easily realizable in more complex problems with nontrivial occupation of 6D-phase space, large factors of resource savings in self-consistent halo calculations are still possible.
For non-chaotic, completely deterministic systems, there is no limit to the savings possible. For weakly chaotic systems, there will be a limit to the resolution obtainable, but information will be found on these chaotic regions of the phase space. For highly chaotic systems, the method will not be reliable. greater resolution near the region of aberrations.
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Same as Fig. 3 but the process has been continued 11 more times giving much 
